In this paper is evaluated workability of rolled aluminium alloy based AIMgSi. Static tension test was used for obtained the mechanical properties, such as tensile strength, yield strength, elongation, the strain hardening exponent and coefficient of surface anisotropy. Rolled samples used for a tensile test were taken in three different directions, namely in the direction of rolling, in 45 ° and 90° direction. The result is an consideration of suitability of the material for stamping technology. For measurement of the elongation, variations in thickness and width in real-time was used method called videoextensometry. To obtain deforming maps and left side of forming limit diagrams (FLD) was applied digital correlation method (DIC).
Introduction
Al-Mg-Si alloys or EN AW 6000 series alloys are widely used for medium strength structural applications and also in increasing demand in the automotive industry. These alloys have been the materials of choice for skin panels because they have a combination of good formability and medium strength. The alloys are age hardenable and strengthened by Mg 2 Si, which is the primary hardening phase [1] [2] [3] [4] . Mg and Si are the major solutes in these alloys, which increase the strength of the material by the formation of strengthening agents (precursors to Mg 2 Si) during the paint-bake cycle [5] [6] [7] . The use of lightweight materials can help reduce vehicle weight and improve fuel economy. The pressure for weight reduction has driven a gradual decrease in the amount of steel and cast iron used in vehicles and the corresponding increase in the amount of alternative materials, especially aluminium [8] [9] [10] [11] [12] [13] [14] . Currently, the plane formability evaluation uses a number of techniques. Among the most progressive methods include non-contact method. These methods work on the principle of deformation grid. Previous methods use mechanical applied grid [10] . They had to have regular shapes and arrangements. The new grid may use the method that is applied to the surface of the sample, e.g. coated using a special spray. On the basis of the change in position of these DOI 10.12776 [20, 21] . The DIC method is a optical method which is used to measure the relative spatial deformations and displacements. This method uses digital image registration technology. For image capturing is using high-speed cameras with high image resolution. This method is seen as a flexible tool that is used not only in the field of experimental mechanics [16] [17] [18] . Measuring systems which operate on the principle of DIC method have many advantages against conventional method. For example: without contact with the measured object, possibility of measuring in any position monitored area, the ability to capture non-homogeneous deformation field in all areas, the ability to direct measurement that requires numerical or analytical processing of results, application in places where it is impossible or very difficult, high accuracy displacements of individual contrast points in the monitored field [18] [19] [20] [21] [22] . In this paper are obtained mechanical properties, microstructure and hardness of aluminium alloy for three differently direction of rolling. Formability of aluminium alloy can be characterized through FLD diagrams. FLD diagrams may be formed by a DIC method in ARAMIS software. For monitoring deformation in real time was used videoextensometric system by HorizonVideoextensometer.
Experimental material and methods
As experimental material was used EN AW 6000 series aluminium alloy based AlMgSi, both in a T4 heat treatment state according to DIN EN 515. Experimental material was cold rolled to a thickness of 1,72 mm. Static tensile test was conducted in accordance with standard STN EN ISO 6892-1 on tensile machine. In the static tensile test were used static conditions and speed of equipment movement was 0.13 mm/s. A chemical composition of aluminium alloy is shown in Table 1 . The samples were prepared in three different directions to the rolling direction (0°, 45°, 90°). Mechanical properties were evaluated by tensile test -yield strength (Rp 0,2 ), ultimate tensile strength (Rm), elongation (A 80 ), strain hardening index (n), coefficient of surface anisotropy (a).
To obtain the forming limit diagrams the samples needed to be prepared as shown as in the Fig. 1 . On the specimens were created five different notches in the central portion. The shape was designed that the plastic deformation was concentrated in the centre of the sample. Black stochastic spotted image was created using a special graphite-spray on a white background. The authors [23, 24] developed a methodology of software ARAMIS. The Table 2 shows calculated values of surface anisotropy for two different orientations relative to the direction of 0°. The percentages show the deviations between Rp 0.2 , Rm, and A 80 of the properties obtained in the rolling direction. The Fig. 6 is a graphical dependence of real stress -real strain curve according to the direction of sampling. Thickness and width were measured by videoextensometry in real time. Therefore, true stress and true strain was calculated. The curves processed in uniform deformation are shown in Fig. 6 . Course of the consolidation of the individual curves is approximately the same regardless of the direction of sampling. These data are one of the most important inputs of the material properties for computer simulation of forming processes.
Fig. 6
The dependence of real stress -real strain to the direction of sample
In the Fig. 7 is shown FLC curve. This curve represents the left side of the FLD diagram. These points were obtained from the area of the crack. These values represent the critical strain to cracking.
Fig. 7 FLD diagram of aluminium alloy
In the Fig. 8, Fig. 9, Fig. 10, Fig. 11 are shown deformation maps for four different notch radii. When the smallest radius of cut than the rupture is is concentrates at the edge of the samples. At the maximum radius is deformation concentrated in the centre of the sample. In the following Fig. 8 to Fig. 11 are evaluated deformation maps which are a functional dependence of relative major deformation. 
Conclusions
The materials used in automobile industry offer the highest potential for improvement. Sheets of aluminium alloys can compete steels with their mechanical properties, lightweight, corrosion resistance and good formability. Based on this work, it is possible to assess the suitability of 6000 series aluminium alloy based AlMgSi for the stamping process. Based on realized experiments and measurements, achieved results can be summarized as follows:  the direction of the sampling for this type of aluminium alloy has not significant effect on mechanical properties as documented by the coefficient of surface anisotropy ( Table  2 ) and also course of curves real stress -real strain (Fig. 6) ,  the deformation maps show the places of cracking. Here it can be seen, that with decreasing curvature of the radius is the crack focus at the edge of notch and with increasing curvature of the radius is growing the value of deformation to failure, as illustrated by Fig. 7 .
